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SUPERPARAMAGNETIC PARTICLES . A WAY OF PRODUCING SAID 
PARTICLES AND THEIR USE. 

This invention relates to magnetically responsive superparamagnetic 
particles, a way of producing said particles and their use. 

More specifically the invention describes a method for the production of 
superparamagnetic particles which are made of a metal oxide surrounded by 
a surface layer of a biologically acceptable polymer . In this form the particles 
msv be used as a contrast agent in medical diagnostics . in particular in 
Magnetic Resonance Imaging (MRI). They may also be used as a matrix for 
biological molecules., thus functioning as a separation device. Another area for 
their use is by combining said particles with a drug which after injection into 
the blood stream is stopped in an predetermined area using an external 
magnet. 

The invention is based on magnetically responsive particles which are 
superparamagnetic, indicating that they are not permanently magnetized 
when subjected to a magnetic field. This means that the particles., after 
withdrawing of the magnetic field, are easily resuspended. Using magneti- 
cally responsive particles within the areas mentioned above, it is of utmost 
importance that the particles are superparamagnetic in order to avoid 

permanent aggregation. 

Magnetic particles has for long times been discussed as a extremely 
effective separation device (Hirschbein et al, Chemtech . March 1982, 172- 
179). However, prior art regarding magnetic particles leek one or several of 
the demands needed in order for the technology to obtain general accept- 
ance. 

The above mentioned superparamagnetic property is thereby one of the 
most important. 

Ithakissios (US Patent 4,115,534. Sep. 19, 1978) describes magnetic 
polymer particles in the size range 10-100 urn where the polymer material i 

covalently crosslinked. 

Avrameas & Guesdon (USTatent 4,241,176. Dec. 23, 1980) describes 
magnetic polymer particles where magnetite has been ntrapped in a poly- 
acrylarmde -agarose polymer in an emulsion process. The size of the spheres 
is 50-500 um. 

* 
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Widder et al (US Patent 4.230,685. Oct. 28, 1980) describes s. way of 
producing magnetic particles where the magnetite is entrapped into 
albumin /protein -A with subsequent covalent stabilization of the polymer 
mixture. 

Ugelstad et al (PCT/NO83/00014) describes away of producing particles 
where the magnetic material is precipitated within prefabricated polymer 
particles of a defined size. 

Czerlinski (US Patent 4,454,234. June 12, 1984) describes magnetite 
particles which has been surface coated with a crosslinked polymer of 
acrylamide. 

Molday (US Patent 4.452.773. Jun.5, 1984) described a war/ of pro- 
ducing magnetite particles with a size of 10-70 nm, which are surface coated 
with a dextran polymer. Dextran has a high molecular weight and is not 
degraded in the body, thus particles produced in this way are less suitable for 
medical applications. After production these particles are further processed 
by centrifugation at 2S.000 rprn, alternatively the particles are allowed to 
pass a gel chromatography column in connection with the coupling of affinity 
ligands. Both of these methods maybe used in laboratory scale production, 
however, the technologies are not suitable in the production of particles to 
be used in large scale separation of fermentation suspensions or the 
production of superparamagnetic particles for the use as a contrast agent, as 
discussed in this invention. 

As is discussed in the Molday patent above, the particles may not be 
separated with conventional magnets. This is also seen in the examples pre- 
sented, where only examples referring to the separation of cells or cell 
organells are described. In the separation of cells or cell organells, a large 
number of magnetic particles are associated to the surface of one cell, 
whereby the total amount of magnetic material attached to a cell makes it 
responsive to the magnetic field obtained by conventional cobalt -samarium 
magnets. 

Schroder & Borrebaeck (EPC 83901116.0) describes the entrappment 
of magnetite particles within a carbohydrate matrix by an emulsion process 
with subsequent stabilization by crystallization of the carbohydrate polym r. 

Chagnon et al (EP 0 125 995) describes a process for the production of 
magnetic particles in a two step procedure; in the first step the magnetic 
particles are produced, and in step two, these particles are, after extensive 
washing, subjected to a surface coating with one or several silicone polymers. 
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Two steps in the process of Chagnon thus differs significantly from the 
present invention: 

1. On Page 20 is described the ratio between FeCl 2 and FeCl 3 to be used 
in order to obtain an optimal recovery. In the text and in the examples, the 
best particles are achieved using a ratio Fe 2+ /Fe s+ of 2/1 or 4/1. If Chagnon is 
using a ratio of Fe 2+ /Fe 5+ of 1/2 or 1/4, heterogeneous particles which 
"bleeds", finally being totally dissolved in the washing steps (page 20, line 
15-25) is obtained. This is in contrast to our own results where optimal 
particles are obtained with ratios of Fe 2+ /Fe 3+ contradictory to Chagnon. 

2. On page 20 is described how* the recently prepared particles are 
washed in an WaCl solution in order to ensure that the final product is 
resuspendable to particles in the size of interest. However , this is not 
necessary according to the present invention. 

3. On page 35 is described how Chagnon prior to the surface coating of 
silicone has to suspend the particles by powerful homogenization in order to 
obtain a final product consisting of particles which upon suspension forms a 
monodisperse suspension. 

This is also an experience from the inventors of the present invention: if 
you don't perform the precipitation of metal salts to metal oxide in the 
presence of a protective colloids, such as starch, the ferromagnetic particles 
obtained have a size of 5-50 jun, making them unusable for the purposes as 
described in this invention. 

Using superparamagnetic particles in the areas, as described in this 
invention , the size of the particles and the choice of polymer is of great 
importance. 

Within medical diagnostics there is primarily a wish to obtain an 
contrast agent for the liver and the spleen. This can be accomplished using 
injection of particles into the blood stream having a size of 0.4-1.0 \im, since 
particles having this size are eliminated from the blood stream bv these 
organs. 

Using superparamagnetic particles within biotechnology separation it is 
also a wish to have particles in the same size range due to the large area per 
volume obtained. As an example, reducing the size of a particle from 10 to 
0.5 ^im, the area accessible for attachment of affinity iigei-ids is enhanced 20 
times, as calculated on a defined volume packed spherical particles. 

The size should, however, not be below 0.3 jim. since the magnetically 
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responsive particle thus contains too small amounts of magnetic material to 
be attracted be a magnetic field. Furthermore, particles having a size below 
0.3 fim possess particle /liquid interactions resulting in a suspension 
behaving more like a magnetic fluid and not as a suspension where the 
particles easily can be retrieved. 

Despite what is known about magnetic separation, as described in the 
above mentioned patents/patentapplications, the magnetic separation 
technology has not yet been used in large scale separation , such as in 
fermentation, since the particles has to be to produced in a simple way in 
large quantities with the subsequent attachment of affinity ligands. In large 
scale separation, separation of e.g. human proteins produced by genetically 
engineered bacteria in fermentation volumes of several thousands of liters is 
discussed. 

In the separation process, under the influence of the magnetic field, the 
superparamagnetic particles will aggregate, however, due to the superpara- 
magnetic property, the particles will be resuspended as soon as the magnetic 
field is switched off , thereby allowing for the affinity attached protein to be 
recovered . 

Another item using the present invention is that the structure of the 
particle (a core of metal oxide surface coated with a polymer) renders a 
^stem where the affinity ligand is associated only to the surface of the 
particle. Thus, the final product is economically advantageous as compared to 
macroporous particles since the amount of affinity ligand (e.g. a monoclonal 
antibody) used can be reduced. Furthermore, the surface association of the 
monoclonal antibody renders rapid adsorption of the substance of interest 
due to the lack of the diffusion barriers. 

Thus, magnetic separation using the particles according to the present 
invention will give the following advantages: 

- the number of separation steps can be reduced 

- higher yield 

- faster processing 

This combination thus leads to reduced costs for the separation using 
the particles according to the present invention. 

By the use of the process for the fabrication of superparamagnetic 
particles according to the present invention, it is now possible to achieve 
this. 
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Thus, the present invention relates to superparamagnetic particles, 
made of a core of magnetite, surrounded by a pharmacologically acceptable 
carbohydrate polymer, the superparamagnetic particle having a size of 0.1- 
2.0 \xrri produced by precipitation of iron salts dissolved in a starch solution. 

The process for fabrication of the superparamagnetic particles according 
to the present invention is based on optimization of parameters resulting in 
particles which all fulfills the demands mentioned above. Thus, the process 
renders a high yield where further secondary purification steps in order to 
obtain optimal superparamagnetic particles having the adequate size and 
magnetic properties are not needed. 

Thus, the process according the this invention, results in particles in a 
high yield in a simple one step procedure. 

The process is based on the well known technology of precipitating iron 
salts in alkali , whereby the metal oxide is formed. However, this precipitation 
is performed in a way that both the starch and the iron salts simultaneously 
are added to the alkali solution (e.g. NaOH) while sonicating. The obtained 
solution is neutralized to pH 7. The suspension obtained, containing a 
monodisperse suspension of superparamagnetic particles, having a size of 
0.2-2.0 jirn, is thereby ready for use. 

For the person skilled in the art it is now easy the use the suspension for 
various purposes. As an example, the suspension, containing a monodispers 
suspension of superparamagnetic particles in a solution of carbohydrates in 
an alkali or neutral environment, directly or after a concentration step, can 
be emulsified in an organic solvent, a crosslinker may added to the emulsion 
or the wa.ter solution of superparamagnetic particles, whereafter these are 
stabilized into a water -insoluble three dimensional crosslinked superpara- 
magnetic microsphere. 

EXAMPLE 1. 

2.7 g FeCl 5 x 7 H 2 0, 4.5 g FeCl 2 x 4 H 2 0 and 3.0 g of starch is dissolved 
in 10 ml of wa.ter by gentle heating. This solution is added dropwise to 100 
ml of 1.0 M NaOH while sonicating. After adding all of the iron -chloride 
/starch solution the suspension is sonicated for another 5 minutes where- 
after the suspension is neutralized with HC1 to pH 7.0, 

The size of the obtained monodisperse suspension of superparamagnetic 
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particles is measured in an Coulter Counter Multisizer with the following 
result : 

Average size: 0.775 urn. 

99% of the particles is found in the size range 0.35 - 1.22 um. 
Dry weight: 25 mg/ml, where 85% is magnetite. 
Number of particles/ml: 7 x 10 8 
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CLAIMS. 

L Superparamagnetic particles, constituting of a core of magnetically 

responsive material , surrounded by a coating of a biologically acceptable 
carbohydrate polymer, the particles having a size in the range of 0.1 - 
2,0 jim. 

2. Superparamagnetic particles according to claim 1, characterized by, 
that the magnetically responsive material consists of a metal oxide of 
iron, nickel or cobalt. 

3. Superparamagnetic particles according to claim 1, characterized by, 
that the biologically acceptable carbohydrate polymer is chosen from 
the group of starch, pullullan or glycogen. 

4. A way of producing superparamagnetic particles according to claim 1-3, 
characterized by, that the particle is produced by precipitation of a 
solution of a metal salt, dissolved in a water solution of the biologically 
acceptable carbohydrate polymer, into an alkali solution while hawing a 
high energy input into the alkali solution. 

5. Away of producing superparamagnetic particles according to claim 1-4, 
characterized by, that the energy inpit is performed by somcation of 
the alkali solution. 

6. A way of producing superparamagnetic particles according to claim 1-5, 
characterized by, that the alkali solution consists of a solution of 
sodium hydroxide. 

7. Superparamagnetic particles according to claim 1-6, characterized 
by, that the particles upon use is suspended in physiologically 
acceptable solution. 

8. The use of the superparamagnetic particles according to claim 1-7 
within medical diagnostics. 
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9. The use of the superparamagnetic particles according to claim 1-8 
within affinity separation. 
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